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The reversibility of bepatic fibrosis was investigated
in an experimental model of extrabepatic cholesta-
sis in the rat after common bile duct ligation for 2
weeks, followed by bilioduodenal anastomosis for
3 weeks. Bile duct ligation resulted in a transitory
marked elevation in the serum concentration of 5'-
nucleotidase, alkaline pbosphatase, and bilirubin
during the first 3 days. Then these levels decreased
to threefold, twofold, and 100-fold the normal val-
ues, respectively, during the following 4 weeks. His-
tologic examination of the liver disclosed extensive
bile duct proliferation and the formation of peri-
portal fibrosis, with only slight inflammation and
necrosis. The distribution of the major components
of the bepatic extracellular matrix was analyzed 2
weeks after bile duct ligation, using the indirect
immunoperoxidase method. Fibrous septa were
found to be strongly stained for collagens I, pro-
1, III and 1V, fibronectin, and laminin. The most
intense staining was found in enlarged periportal
areas, collagen 1V and laminin being particularly
abundant around newly formed bile ducts. These
changes paralleled bigh steady-state levels of a,(1)
and a,(1V) collagen and B, chain laminin mRNAs.
Relief of the obstruction for 2 weeks resulted in a
shift in the serum concentration of 5'-nucleotidase,
alkaline phosphatase, and bilirubin toward normal
values. A dramatic resorption of bile duct prolif-
erations and periportal fibrosis were observed.
Three weeks after bile duct repermeabilization, im-
munobistochemical study showed that the pattern
of distribution of extracellular matrix components
was almost normal, except for collagen IV, which
remained abundant in the sinusoids when com-
Dbared with the normal liver. In parallel, the steady-
state B,-chain laminin mRNA level became lower

than in cholestatic livers, whereas o, (I) and o,
(1V) mRNAs were almost undetectable. These re-
sults show that bepatic fibrosis induced by experi-
mental extrabepatic cholestasis in rat disappears
in less than 3 weeks after relief of bile duct obstruc-
tion, suggesting that an active degradation of ma-
trix proteins occurs, except for collagen 1V in the
sinusoid. (Am J Patbol 1990, 137:1333-1342)

Hepatic fibrosis, which is one feature of liver cirrhosis,
occurs in a variety of chronic liver diseases." It consists
primarily of increased deposition of extracellular matrix
macromolecules, mainly collagens, noncollagenous gly-
coproteins, and proteoglycans.? Fibrogenesis is a complex
process that involves alterations in both the synthesis and
degradation of matrix proteins by different liver cell types.
It is generally accepted that once it is established, fibrosis
is irreversible.! A few observations, however, in man3°
and studies with animals have led to the hypothesis that
experimental hepatic fibrosis is a reversible process, after
discontinuation of the causative agents. Animal models
have been proposed for studying the reversibility of he-
patic fibrosis. These include Schistosomiasis mansoni in
mice,®'2 and chemicals, eg, CCl, and ethionine,®' or
high- or low-fat protein diets in rats.'' Duration of the
treatment and the difficulty of identifying the causes of
fibrosis, however, had made these models matter in de-
bate. The most commonly used method of producing
experimental cirrhosis involves multiple doses of CCl,. This
toxic agent rapidly induces liver damage and severely
alters metabolism and gene expression of hepatocytes.'®
Chronic CCl, intoxication results in extensive necrosis of
parenchymal cells and inflammation.

Extrahepatic cholestasis is another model to investigate
the formation of hepatic fibrosis. Prolonged obstruction
of bile flow or hepatic diseases that lead to anatomic de-
struction of the biliary tree results in morphologic and bio-

Supported by INSERM. Pierre-Yves Rescan was a recipient of a fellowship
from La Ligue Frangaise contre le Cancer.

Accepted for publication July 23, 1990.

Address reprint requests to Bruno Clément, PhD, INSERM U489, Unité
de Recherches Hépatologiques, Hopital Pontchaillou, 35033 Rennes Cedex,
France.

1333



1334  Abdel-Aziz et al
AJP December 1990, Vol. 137, No. 6

chemical changes and the development of secondary bil-
iary cirrhosis.'” Changes induced by experimental bile duct
ligation in the rat have been partially analyzed.'®'® They
include an extensive proliferation of bile ducts in enlarged
portal spaces, with slight inflammation and necrosis, and
the formation of periportal fibrosis in less than 2 weeks
after obstruction of the biliary tree.® The molecular mech-
anisms of cholestasis-induced fibrosis, however, are yet
unknown. In addition, the possibility that cholestasis-in-
duced fibrosis is a reversible phenomenon has not been
explored.

We have studied the formation and the reversibility of
fibrosis in rat liver with experimentally induced cholestasis.
We show that restoration of the normal biliary outflow in
2-week-old bile duct-ligated rats results in a complete re-
version of fibrosis with a nearly normal distribution of the
major components of extracellular matrix, including col-
lagens and the two noncollagenous glycoproteins, laminin
and fibronectin, and a parallel shift in the steady-state
level of the corresponding mRNAs.

Material and Methods
Antisera and cDNA Clones

Antisera against human plasma fibronectin and collagens
from fibrotic human livers (types | and Ill), calf skin (type
pro-lll), and bovine lens capsule (type IV) were provided
by Dr. J. A. Grimaud (Institut Pasteur, Lyon, France). An-
tisera against laminin, extracted from the Engelbreth-Holm-
Swarm tumor, were a gift from Dr D. Louvard (Institut
Pasteur, Paris). These antisera have been shown previ-
ously to recognize antigens from rat origin.2'-%

All cDNA probes coding for extracellular matrix proteins
were of murine origin. Laminin B, cDNA probe, a gift from
Dr Y. Yamada (NIDR, Bethesda, MD), was a 1.5 kb EcoR1-
Hind Il fragment of P7 cloned from a F9 cell cDNA library.?
Collagen a1 (l) and a1 (IV) cDNA probes were from Dr.
M. Laurent (INSERM U 118, Paris, France). They were,
respectively, a 0.97-kb PST | fragment coding for the entire
C-terminal propeptide region and a part of the helicoidal
region, and a 0.65 kb PST | fragment coding for a part of
the helicoidal region.?® B-Actin and albumin cDNA probes
were from rat origin.?%

Animals

Male Sprague-Dawley rats weighing 180 to 200 g were
used. They were divided in five groups and underwent
the following procedure: group A (n = 10), common bile
duct ligation; group B (n = 8), sham-operated rats, control

of group A; group C (n = 12), bilioduodenal anastomosis
for 21 days after common bile duct ligation for 14 days;
group D (n = 8), sham-operated rats, control of group C;
group E (n = 4), normal rats. Peripheral blood samples
were routinely assayed for total bilirubin, alkaline phos-
phatase, and 5-nucleotidase, using standard laboratory
techniques on a COBAS Bio apparatus (Roche, Switzer-
land).

Fixation and Immunohistochemical
Procedure

The livers were washed through the portal vein with phos-
phate-buffered saline (PBS) (Na,HPO, 12 H,O, 8 mmol/
[millimolar], NaH,PO,, 1.9 mmol/l; NaCl, 138 mmol/l), pH
7.4, for 2 minutes, then perfused with a 4% paraformal-
dehyde solution buffered with 0.1 mol/l sodium cacodylate,
pH 7.4, for 15 minutes at a flow rate of 10 ml/minute.?®
Liver fragments were cut and immediately immersed in
PBS or postfixed in the same fixative for 4 hours at 4°C.
These postfixed samples were embedded in paraffin and
used for histologic examination. Sections were routinely
stained with hemalun-eosin safran and Masson's tri-
chrome. Other fragments were soaked for 60 minutes in
PBS containing 10% glycerol before freezing in liquid ni-
trogen-cooled isopentane.

Extracellular matrix proteins were localized in situ using
the indirect immunoperoxidase technique.? Briefly, 8-u~
thick cryostat sections were incubated in PBS containing
10% fetal calf serum and 0.1% saponin for 60 minutes.
The sections were incubated in a dilution of specific an-
tibodies in PBS containing 0.1% saponin for 1 hour. The
second incubation was performed with peroxidase-labeled
anti-immunoglobulins (Institut Pasteur, Paris) diluted in PBS
containing 0.1% saponin. Then, sections were postfixed
in 2.5% glutaraldehyde buffered with 0.1 mol/l sodium
cacodylate for 4 minutes at 4°C, followed by incubation
in 300 mmol/I glycine, pH 10, for 15 minutes, to prevent
nonspecific oxidation of the diaminobenzidine used to de-
tect peroxidase activity. Peroxidase activity was shown
by incubating sections in a 3.3"-diamino-benzidine/H,O,
solution for 20 minutes. Controls included a first incubation
with nonimmune sera.

Isolation of RNA and Northern-blot Analyses

Total RNA was extracted from liver biopsies by the gua-
nidinium-thiocyanate/cesium chloride method.?® Total
RNAs (10 ug) were subjected to electrophoresis in a de-
naturing 1.1 mol/l formaldehyde-agarose gel and trans-
ferred onto Hybond-N sheets (Amersham, Arlington



Heights, IL). Filters were soaked in hybridization buffer
containing 3 X SSC, 0.2% polyvinylpyrrolidone, 0.2% Fi-
coll, 0.1% bovine serum albumin, 0.1% SDS, and 10%
dextran sulfate, and then hybridized with the same solu-
tion, containing ¥P-labeled probes.

Results
Biochemical and Morphologic Changes

Common serum indices of cholestasis were measured in
cholestatic rats (group A) and in repermeabilized rats
(group C) and compared with those of sham-operated
rats (groups B and D) (Figure 1). Only animals showing
typical changes in enzyme concentrations indicative of
liver cholestasis® were subsequently analyzed (n = 7 in
group A; n = 8 in group C). Bilirubin, alkaline phosphatase,
and 5-nucleotidase peaked 3 days after common bile
duct ligation, reaching 200-, 4- and 8-fold the normal val-
ues, respectively. During the following 4 weeks, alkaline
phosphatase and 5-nucleotidase activities decreased to
a level about twofold and threefold the normal value, re-
spectively. Bilirubin concentration decreased by day 14,
and then slowly increased up to 100-fold the normal values
on day 35. In rats undergoing bilioduodenal anastomosis
for 24 days after 14 days’ bile duct ligation, bilirubin, al-
kaline phosphatase, and 5"-nucleotidase rapidly shifted
toward normal values during the first week after restoration
of bile outflow. These values remained stable during the
following 2 weeks.
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Histologic liver changes were analyzed after 1 and 2
weeks' obstruction of the common bile duct and 1, 2,
and 3 weeks after bilioduodenal anastomosis (Figure 2).
Biliary obstruction resulted in rapid extensive bile duct
proliferation and fibrogenesis in enlarged portal areas. In-
filtration of the portal tract with polymorphonuclear inflam-
matory cells was occasional and hepatocyte necrosis was
nearly absent. Central vein areas remained unchanged.
When bilioduodenal anastomosis was performed 2 weeks
after bile duct ligation, newly formed bile ducts and ex-
tensive portal fibrosis rapidly disappeared during the fol-
lowing 2 weeks. A nearly normal histology was observed
3 weeks after anastomosis.

Immunolocalization of Collagens,
Fibronectin, and Laminin

In normal rat liver, the distribution of collagens |, pro-ll, Iil,
and IV, fibronectin, and laminin was similar to that previ-
ously described.?22® The major sites of deposition were
portal spaces and, to a lesser extent, central veins (Figure
3). Collagens | and IV were the less abundant. In the si-
nusoids, fibronectin formed a continuous layer and col-
lagen pro-lll was the most abundant type of collagen, al-
though discontinuous. Basement membrane components,
ie, collagen IV and laminin, were undetectable. Hepato-
cytes were intracellularly stained for fibronectin, whereas
nonparenchymal cells located in the sinusoids were pos-
itive for laminin and, particularly in periportal areas, for
collagen IV.
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Figure 1. Effects of biliary obstruction (day 0) and bilioduodenal anastomosis ( day 14, arrow) on the serum concentration of
bilirubin (A), alkaline phosphatase (B), and 5'-nucleotidase (C). -®-: common bile duct ligation (group A); -O-: common bile duct
ligation for 14 days, followed by bilioduodenal anastomosis Jor 21 days (group C); -B-: sham-operated rats, control of group A
(group B); -00-: sham-operated rats, control of group C (group D). Values are the mean + SD.
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Fourteen days after common bile duct ligation, exten-
sive fibrous septa were stained for collagens |, pro-ill, lil
and IV, fibronectin, and laminin. The most intense staining
was found in portal spaces. Intense staining for collagen
IV and laminin was observed around bile duct prolifera-
tions. In the sinusoids, collagen IV was continuously dis-
tributed along hepatocyte cords. Laminin and fibronectin
were deposited mainly within the periportal areas and in
the borders of septa.

After the additional 21-day period that followed bilio-
duodenal anastomosis, the distribution of collagens, fi-
bronectin, and laminin was in some extent similar to that
observed in normal liver. In portal spaces, the remaining
clusters of neo-formed bile ducts were still surrounded by
abundant laminin and collagen IV. In the sinusoids, the
distribution of collagens I, pro-lll and lll, laminin and fibro-
nectin was similar to that in normal liver. Only collagen IV
remained abundant in the sinusoids and continuously de-
posited all along hepatocyte cords.

These data show that cholestasis affects the distri-
bution of all the major extracellular matrix components.
After repermeabilization of the biliary tree, these recover
anormal pattern except for collagen IV, which is still much
more abundant in the sinusoid.

Collagens a; () and a; (IV) and Laminin B,
mRNA Content

To investigate whether changes in extracellular matrix de-
position in cholestatic rat liver are the result of alteration
in matrix protein gene expression, the steady-state a; (1)
and a; (IV) collagens, and laminin B, mRNA levels were
studied by Northern blot in liver biopsies from bile duct-
ligated rats, before and after bilioduodenal anastomosis,
and compared with the steady-state g-actin and albumin
mRNA levels (Figure 4). In normal rat liver, the a; (l), and
a, (IV) collagens and laminin B, chain mRNAs were de-
tectable only after a long-time exposure (up to 1 week)
(data not shown), while 8-actin and albumin mRNAs were
abundant. After a 2-week obstruction of the common bile
duct, the steady-state «, (I) and a4 (IV) collagens and
laminin B, chain mRNA levels were strongly increased,
while copious amounts of g-actin mRNAs were found.
Albumin mRNAs were considerably reduced.
Twenty-one days after bilioduodenal anastomosis, the
pattern of mRNA content was almost that found in normal
liver, with a, (I) and a4 (IV) collagen mRNAs being barely
detectable. Laminin B, mRNA level also decreased, but
remained higher than in normal liver. A strong decrease
was found for the 8-actin mRNA content, which dropped
to a lower level than in normal liver. The steady-state al-
bumin mRNA content was similar to that found in normal

liver. These results show that cholestasis-induced fibrosis
is correlated with an increase in the content of matrix
protein mRNAs. After restoration of the normal bile outflow,
the decrease in matrix content paralleled that of matrix
protein mRNAs.

Discussion

The reversibility of hepatic fibrosis remains the subject of
controversy. We chose to investigate fibrogenesis in cho-
lestatic rat liver experimentally induced by common bile
duct ligation. This model is morphologically characterized
by marked proliferation of bile ducts and formation of en-
larged fibrous septa with only limited inflammation and
necrosis. Dramatic and early increase in the serum con-
centration of bilirubin, alkaline phosphatase, and 5-nucle-
otidase indicated that extrahepatic cholestasis was in-
duced rapidly in this experimental model.'®* Qur immu-
nohistochemistry study demonstrates that fibrosis is
formed by interstitial collagens (types | and lli), fibronectin,
and basement membrane proteins. These findings were
confirmed by Northern-blot analysis of liver samples. a;,
(I)-interstitial and a4 (IV)-basement membrane collagens
mRNA levels were much higher in cholestatic rats than in
normal rats. A similar observation was made for laminin
B, chain mRNAs, thus showing that both collagens and
noncollagenous glycoprotein genes were simultaneously
overexpressed in cholestatic rat liver. As bile duct cells
actively proliferated, it can be expected that they were
the producers of basement membrane components, ie,
collagen IV and laminin, 23" and responsible for the ac-
cumulation of these proteins in portal areas. Conversely,
high levels of a; (I) collagen could be limited to normally
producing cells or resulted from the recruitment of new
producing-cell populations. It has been shown that the
expression of matrix proteins in liver cells depends on
their functional state and a variety of environmental fac-
tors.%-3 For example, Ito cells, which synthesize collagens
and laminin in the normal liver,2'? exhibit phenotypic al-
terations in culture. They have been shown to contain
more interstitial collagen mRNAs in culture than immedi-
ately after isolation.®® Hepatocytes also may express lam-
inin or collagens in injured liver after alcoholic intoxication
in man?3 or CCl, treatment in rat,® as well as in primary
culture 22343 Immunofiuorescence study has shown the
presence of collagen IV in hepatocytes after a 8-day ob-
struction of the common bile duct in rat, suggesting that
cholestasis may induce changes in the cellular sources
of extracellular matrix components.® These findings are
in agreement with our immunoelectron microscopy study
showing that various liver cell types, including periportal



hepatocytes, participate in the formation of extracellular
matrix proteins after ligation of the common bile duct®
A dramatic increase in the total 8-actin mRNA content
rapidly occurred in rat liver after common bile duct ligation.
This is probably related to both the marked proliferation
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Figure 2. Histologic examination of rat liver after 1 (A) and 2
(B) weeks bile duct ligation and 1 (C), 2 (D), and 3 (E) weeks
Jollowing bilioduodenal anastomosis. Livers were fixed by per-
fusion of a 4% paraformaldehyde solution and postfixed in the
same fixative. Note the extensive proliferation of bile ducts (ar-
row) and fibrosis in the periportal spaces after bile duct ligation,

and their nearly complete disappearance after restoration of
the normal bile outflow. PS, portal space; CV, central vein.

Masson’s trichrome stain, X 100.

of bile duct cells in portal spaces and alteration in the
distribution of cytoskeleton components in the hepato-
cytes. Cholestasis is known to induce changes in the
pattern of actin microfilament distribution in parenchymal
cells, particularly beneath bile canaliculus domains.*#'
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Figure 3. Light microscopic immunolocalization of collagens I (A), pro-111 (B), 11 (C), IV (D), laminin (E), and fibronectin (F) in normal
rat liver (1), and in rat livers after a 2-week bile duct ligation (2) and following bilioduodenal anastomosis for 3 weeks (3). X 110.
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The opposite changes in albumin mRNA levels clearly
indicate that the increase in matrix protein gene expression
is a specific response to cholestasis induced by bile duct
ligation.

Bilioduodenal anastomosis resulted in a rapid shift to
normal liver architecture and functions, including normal
values in serum enzyme activities. Our histochemical study
shows a nearly complete shift in periportal fibrosis and
liver architecture toward a normal pattern in less than 3
weeks, suggesting that massive and selective disruption
of bile ducts and death of the newly formed bile duct
epithelial cells rapidly occurred. That periportal fibrosis is
resorbed after the relief of obstruction is sustained by a
previous report showing a drop in the portal pressure fol-
lowing bilioduodenal anastomosis in extrahepatic choles-
tatic rats.* The reversibility of fiorosis is related to a dra-
matic decrease in the steady-state mRNA level for «; (1)
and a; (IV) collagens and laminin B, chain. It is likely, how-
ever, that the disappearance of accumulated matrix pro-
teins is mainly due to the activity of specific protease(s),
including matrix metalloproteinases. The liver contains
collagenase activity that generally augments during the
early stage of liver injury,*-*® and it has been shown that
various liver cell types, including hepatocytes, fat-storing
cells, and Kupffer cells, express collagenase activity in
vitro.*5=*8 The presence of collagenase has been dem-
onstrated to be associated with fibrous septa in CCl,-
treated rat liver*® and present in perinodular granulomas
in murine Schistosomiasis.% In the latter situation, revers-
ibility of liver fibrosis has been recently shown to parallel
an increase in collagenase activity after treatment by a
worm-targetted drug.5' In cholestatic rats, the presence
of a continuous layer of collagen IV in the sinusoids 3
weeks after restoration of bile outflow suggests that in-
terstitial collagenase and collagenase IV are differently

Figure 4. Steady-state levels of a; (1) col-
lagen (A), a; (IV) collagen (B), laminin B,
(C) B-actin (D) and albumin (E) mRNAs in
rat livers 14 days after common bile duct
ligation (1) and 21 days after bilioduo-
denal anastomosis (2), compared to nor-
mal liver (3). The amounts of total electro-
Dphoresed RNA (10 pg) were monitored by
staining the gel with ethidium bromide (F)
before transfer on nitrocellulose filters.

regulated in sinusoidal and/or parenchymal cells. A normal
liver histology with the presence of a basement mem-
branelike structure in the sinusoids is not unique. Similar
features have been previously reported in human
cases.?" Further investigations are required to elucidate
the mechanisms involved in the degradation of the different
collagen types during the reversibility of hepatic fibrosis.

References

1. Popper H, Kent G: Fibrosis in chronic liver diseases. Clin
Gastroenterol 1975, 4:315-332

2. Rojkind M: Fibrogenesis, The Liver: Biology and Pathobiology.
Edited by IM Arias, D Schachter, H Popper, DA Shafritz. New
York, Raven Press, 1982, pp 801-809

3. Wiliams R, Smith P, Spicer E, Barry M, Sherlock S: Vene-
section therapy in idiopathic haemochromatosis. Q J Med
1969, 38:1-16

4. Bunton GL, Cameron GR: Regeneration of liver after biliary
cirrhosis. Ann NY Acad Sci 1963, 111:412-421

5. Yeong ML, Nicholson Gl, Lee SP: Regression of biliary cir-
rhosis following choledochal cyst drainage. Gastroenterology
1982, 82:332-335

6. Pérez-Tamayo R: Cirrhosis of the liver: A reversible disease?
Pathol Annu 1979, 14:183-213

7. Hutterer F, Eisenstadt M, Rubin E: Turnover of hepatic col-
lagen in reversible and irreversible fibrosis. Experientia 1970,
26:244-245

8. Hutterer F, Rubin E, Popper H: Mechanism of collagen re-
sorption in reversible hepatic fibrosis. Exp Mol Pathol 1964,
3:215-223

9. Warren KS: The influence of treatment on the development
and course of murine hepatosplenic schistosomiasis man-
soni. Trans R Soc Trop Med Hyg 1962, 56:510-519

10. Cameron GR, Ganguly NC: An experimental study of the
pathogenesis and reversibility of schistosomal hepatic fibro-
sis. J Pathol Bacteriol 1964, 87:217-237
11. Mehlhorn H, Frenkel JK, Andrews P, Thomas H: Light and

electron microscopic studies on Schistosoma mansoni



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

granulomas of mouse livers following treatment with prazi-
quantel. Trop Med Parasitol 1982, 33:229-239

. Morcos SH, Khayyal MT, Mansour MM, Saleh S, Ishak EA,

Girgis NI, Dunn MA: Reversal of hepatic fibrosis after pra-
ziquantel therapy of murine schistosomiasis. Am J Trop Med
Hyg 1985, 34:314-321

Cameron GR, Karunaratne WAE: Carbon tetrachloride cir-
rhosis in relation to liver regeneration. J Pathol Bacteriol 1936,
42:1-21

Gyorgy P, Goldblatt H: Treatment of experimental dietary
cirrhosis of the liver in rats. J Exp Med 1949, 90:73-84
Jaffe ER, Wissler RW, Benditt EP: The importance of me-
thionine and choline in the arrest of dietary cirrhosis of the
liver in the rat. Am J Pathol 1950, 26:951-967
Pérez-Tamayo R: Is cirrhosis of the liver experimentally pro-
duced by CCl, an adequate model of human cirrhosis? He-
patology 1983, 3:112-120

Popper H, Schaffner F: Cholestasis, Gastroenterology. Vol
5, 4th edition. Edited by WS Haubrich, MH Kalser, JLA Roth,
F Schaffner. Philadelphia, WB Saunders, 1985, pp 2697-
2731

Carpino F, Gaudio E, Marinozzi G, Melis M, Motta PM: Scan-
ning and transmission electron microscopic study of exper-
imental extrahepatic cholestasis in the rat. J Submicrosc
Cytol 1981, 13:581-598

Kountouras J, Biling BH, Scheuer PJ: Prolonged bile duct
obstruction: a new experimental model for cirrhosis in the
rat. Br J Exp Pathol 1984, 65:305-311

Aronson DC, De Haan J, James J, Bosch KS, Ketel AG,
Houtkooper JM, Heijmans HSA: Quantitative aspects of the
parenchymal-stroma relationship in experimentally induced
cholestasis. Liver 1988, 8:116-126

Clément B, Emonard H, Rissel M, Druguet M, Grimaud JA,
Herbage D, Bourel M, Guillouzo A: Cellular origin of collagen
and fibronectin in the liver. Cell Mol Biol 1984, 30:489-496
Clément B, Rescan PY, Baffet G, Loréal O, Lehry D, Campion
JP, Guillouzo A: Hepatocytes may produce laminin in fibrotic
liver and in primary culture. Hepatology 1988, 8:794-803
Tougard C, Louvard D, Picard R, Tixier-Vidal A: Immunocy-
tochemical localisation of laminin in rat anterior pituitary cells
in vivo and in vitro. In Vitro Cell Dev Biol 1985, 21:57-61
Sasaki M, Yamada Y: The laminin B2 chain has a multidomain
structure homologous to the B1 chain. J Biol Chem 1987,
262:17111-17117

Oberbaumer |, Laurent M, Schwarz U, Sakurai Y, Yamada
Y, Vogelli G, Voss B, Siebold B, Glanville RW, Kiihn K: Amino
acid sequence of non-collagenous globular domain (NC1)
of the &(IV) chain of basement membrane collagen as de-
rived from complementary DNA. Eur J Biochem 1985, 147:
217-224

Alonso S, Minty A, Bourlet Y, Buckingham M: Comparison
of three actin-coding sequences in the mouse; evolutionary
relationships between the actin genes of warm-blooded ver-
tebrates. J Mol Evol 1986, 23:11-22

Sargent TD, Wu RJ, Sala-Trepat JM, Wallace RB, Reyes AA,
Bunner J: The rat serum albumin gene: Analysis of cloned
sequences. Proc Natl Acad Sci USA 1979, 76:3256-3260

28.

31.

32.

35.

37.

39.

41.

42.

Reversibility of Hepatic Fibrosis 1341
AJP December 1990, Vol. 137, No. 6

Clément B, Rissel M, Peyrol S, Mazurier Y, Grimaud JA,
Guillouzo A: A procedure for light and electron microscopic
intracellular immunolocalization of collagen and fibronectin
in rat liver. J Histochem Cytochem 1985, 33:407-414

. Chirwing JM, Przybyla EA, McDonald RJ, Rutter WS: Isolation

of biologically active ribonucleic acid from sources enriched
in ribonuclease. Biochemistry 1979, 18:5294-5299

. Moritz M, Snodgrass PJ: Serum enzymes derived from liver

cell fractions. Il. Responses to bile duct ligation in rats. Gas-
troenterology 1972, 62:93-100

Miyabayashi C, Kojima T, Inoue K, Sasaki H, Muragaki Y,
Ooshima A: Ultrastructural localisation of type IV collagen,
laminin and prolyl hydroxylase in biliary epithelial cells of rat
liver following ligation of the common bile duct. Gastroenterol
Jpn 1987, 2:354-369

Martinez-Hernandez A: The hepatic extracellular matrix: II.
Electron immunohistochemical studies in rats with CCl,-in-
duced cirrhosis. Lab Invest 1985, 53:166-186

. Takahara T, Kojima T, Miyabayashi C, Inoue K, Sasaki H,

Muragaki Y, Ooshima A: Collagen production in fat-storing
cells after carbon tetrachloride intoxication in the rat. Im-
munoelectron microscopic observation of type |, type Ill col-
lagens, and prolyl hydroxylase. Lab Invest 1988, 4:509-521

. Diegelmann RF, Guzelian PS, Gay R, Gay S: Collagen for-

mation by the hepatocytes in primary monolayer culture and
in vivo. Science 1983, 219:1343-1345

Tseng SC, Lee PC, Elis PF, Bissell DM, Smuckler EA, Stern
R: Collagen production by rat hepatocytes and sinusoidal
cells in primary monolayer culture. Hepatology 1982, 2:13-
18

. Clément B, Grimaud JA, Campion JP, Deugnier Y, Guillouzo

A: Cell types involved in the production of collagen and fi-
bronectin in normal and fibrotic human liver. Hepatology
1986, 6:225-234

Davis BH, Pratt BM, Madri JA: Retinol and extracellular col-
lagen matrices modulate hepatic Ito cell collagen phenotype
and cellular retinol binding protein levels. J Biol Chem 1987,
262:10280-10286

. Weiner FR, Giambrone MA, Czaja MJ, Shah A, Annoni G,

Takahashi S, Eghbali M, Zern MA: lto-cell gene expression
and collagen regulation. Hepatology 1990, 11:111-117
Abdel-Aziz G, Rescan PY, Clément B, Lebeau G, Rissel M,
Grimaud JA, Campion JP, Guillouzo A: Cellular sources of
matrix proteins in experimentally induced cholestatic rat liver.
Submitted for publication.

. Dubin M, Maurice M, Feldmann G, Erlinger S: Phalloidin-

induced cholestasis in the rat: Relation to changes in micro-
filaments. Gastroenterology 1978, 75:450-455

Barbatis C, Morton D, Woods J, Burns J, Bradley J, McGee
JPD: Disorganisation of intermediate filament structure in al-
coholic and other liver diseases. Gut 1986, 27:765-770
Franco D, Gigou M, Szekely AM, Bismuth H: Portal hyper-
tension after bile duct obstruction. Arch Surg 1979, 114:
1064-1067

. Maruyama K, Feinman L, Fainsilber Z, Nakano M, Okazaki

L, Lieber CS: Mammalian collagenase increases in early al-
coholic liver disease and decreases with cirrhosis. Life Sci
1982, 30:1379-1384



1342  Abdel-Aziz et al
AJP December 1990, Vol. 137, No. 6

44,

45.

47.

49.

Lindblad WJ, Fuller GC: Hepatic collagenase activity during
carbon tetrachloride induced fibrosis. Fundam Appl Toxicol
1983, 3:34-40

Okazaki |, Maruyama K: Collagenase activity in experimental
hepatic fibrosis. Nature 1974, 252:49-50

. Fujiwara K, Sakai T, Oda T, Igarashi S: The presence of

collagenase in Kupffer cells in rat liver. Biochem Biophys
Res Commun 1973, 54:531-537

Nagai Y, Hori H, Hata IR: Collagenase production by adult
rat hepatocytes in primary culture. Biomed Res 1982, 3:
345-349

. Arthur MJUM, Friedman SL, Roll FJ, Bissell DM: Lipocytes

from normal rat liver release a neutral metalloproteinase that
degrades basement membrane (type IV) collagen. J Clin
Invest 1989, 84:1076-1085

Montfort |, Pérez-Tamayo R: Collagenase in experimental
carbon tetrachloride cirrhosis of the liver. Am J Pathol 1978,
92:411-420

50. Takahashi S, Dunn MA, Seifter S: Liver collagenase in mu-

51.

rine Schistosomiasis. Gastroenterology 1980, 78:1425-
1431

Emonard H, Grimaud JA: Active and latent collagenase ac-
tivity during reversal of hepatic fibrosis in murine Schisto-
somiasis. Hepatology 1989, 10:77-83

Acknowledgments

The authors thank Drs. J. A. Grimaud (Institut Pasteur,
Lyon, France), D. Louvard (Institut Pasteur, Paris, France), M.
Laurent (INSERM U118, Paris, France), and Y. Yamada (NIDR,
Bethesda, MD) for the gift of reagents. They also thank Drs. D.
Ratanasavanh and Y. Cariou for their help in the enzyme
assays.



